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INTRODUCTION
"The urge to heal is almost as ~rea t as the
urge to live", (Ma son 109).

Wound healing is

affected by many factors, and the nutritional condition of a patient is a most important one.

Either

to ma'i ntain life or to repair tis sue there must be
a sup~ly of proteins, fats, carbohydrates, minerals,
water and vitamins.
It is the purpose of this paper to cover the
normal process of wound healing and how the normal
process may be affected by nutritional deficiencies.

I am indebted to Dr. R.H. Davis, Dr. D. J . Bisgard,
and Dr. J.P. Tolman for their criticism and helpful
suggestions on the preparation of this paper.
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NOPMAL WOUND HRftLTNG
In considering good healing results, it
would be most ideal, of course, if the tissue had
the ability to reproduce itself and thus to repair
by regeneration, as the lobster which grows a new
limb in place of the one that is lost .

Regeneration

does occur with certain human tissue and under certain
circumstances.

The liver, for example, regenerates

perfectly even when almost all of it has been removed.
Other parenchymatous organs also regenerate but to
a lesser extent , muscle being most deficient in this
respect ( Cole and Elman 19).

Normal physiological

death and replacement is a special char a cteristic
of some tissues--notably epithelium and some representatives of the supporting group (Arey 2).

The

healing of internal wounds and external wounds differ
in no fundamental way.
Recent authors of textbooks ( Cole and Elman 19,
Maccallum 47, and Christopher 16) agree with Arey in
his very exhaustive report (Arey 2), that healing is
of two types:
1.

Primary, which is a direct union of parts
readily stuck together by fibrinous exudate,
no loss of tissue, and with epithelial
regeneration .

2.

Secondary repair, which is the building up of
granulation tissue.
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In describing the events of wound healing,
I shall start with an average ex&.mple of a fresh
wound caused by the cutting or te aring of previously continuous tis sues.

This is likely to

gape because of the retr action of elastic or
muscular constituents.

T~ere will be hemorrhage

and a certain number of cells will be killed
outright while those cells surrounding the immediate area of the wound will receive varying
degrees of tr auma and nutritional disturbances.
There usually is soon spontaneous cess ation of
hemorrhage.

Tnis phenomena is brought about by

such factors as contra ction and retraction of
the vessel wall, rolling up and ent anglement of
the intima, and the segmental spasms--and this
entirely in the absence of thrombus form a tion
(Arey 2).

In ~any wounds, the pressure of the

perivascular hema toma helps stoJ.i exsanguination.
The next thing tha t happens in normal wound
healing is the coagula tion of blood a nd the lymph
that has oosed into and fille d the wound cavity.
The clot becomes more resistant holding the edges
of the wound together, forming an excellent substrate for the invading new cells and a base for
the outgrowth of epithelial cells (Bri tsell 8).
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If the wound is large and open ( 2) the
process is exaggerated.

The wound remains open

only a short time, during which period blood and
lymph stream out unhindered .

Even within a few

minutes a fibrinous mass may be created through
the coagulation ability of the blood.

At first

this is a mere f i lter which restrains the more
cor puscular and vi scous constituents of the
blood.

When this jelly-like exudate, together

with entrap:ped blood cells and tissue fragm'ents,
contracts and dries on the surface of a wound,
an impermeable crust or scab is formed which
t h er eafter seals the open tissue spaces beneath,
and so offers protection against t he drying and
injury of these tissues until the reparative
activities are finished.

The process is a typical

example of syneresis , like the dr ying of coll odion
which thereby loses its capacity to act as an
ultra-filter to coll.o idal subst:ances.
Arey ( 2) reports Borst who distinguishes
three zones relative to tissue injury in the
wound ar ea.

The first zone includes the cells

aff ected directly by t pe traumati zing agent.
The second zone is the next more remote layer
whose tissues are subject to traumatic necrosis.
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The extent of this zone depends on the type of
trauma inflected; in a surgical incision it would
be of limited extent.

In severe tearing wounds,

the third zone is seen plainest.

A shell

fragment wound is a typical example.

Borst

states that the tissues in this zone are
subjected to molecular violence and the .
constituent cells experience in j ury of a sort
that may lead to a necrobiosis.

Nevertheless,

many of the cells of this region are able to
recover and participate in regenerat ion.

The

last named zone merges into sound , undistrubed
tissue .

The first and second zones, especially,

become contaminated by micro-organisms introduced
by

the wounding agent.

Of importance in the

subsequent process of repair is the fact that
the first zone is not surrounded by tissue of
full vigor; espec i ally doe s it make easier the
advance of bact eria through such tissues with
lowered def ense.
The destructive changes as described by ·
Burrows (10) covers a relatively short period
and includes chiefly the death and removal of
injured cells, and the absorption of exuctates.
Arey (2) describes the tissue destruction as
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being more particularly in an indirect manner
through metabolic deficiencies which result from
injuries to blood vessels and lym~h.

He calls

this a secondary destruction and is accomplis~ed
chiefly by autolysis and by ·heterolysis.

The

autolysis acts through enzymic activities which
the declining cells themselves elaborate.

Among

the enzymes are trypsin types and pepsin types
(pepsinase; peptase

arginase: etc.).

Heterolysis is especially conc e rned with
leucocytic enzymes and is seen principally in
the necrotic zone.

The bigger the necrotic zone

the more heterolysis; thus, in infected wounds the
heterolysis is abundant while in aseptic wounds the
heterolysis is relatively minute.
are the enzyme-be~ring agents.
leucotryptase (Carrel 11).

The neutrophiles

The enzyme is called

It resembles trypsin

and digests under conditions of alkalinity; it
cannot attack living cells or unchang ed connective
tissue fibrils.

In addition to the removal of

cells, the fibrinous deposits (which serve as a
provisional protective wall both on the surface
and in the deeper tissue spaces) also vanish
through the fibrolytic activity of n eutrophiles,
and pre~umably of young fibro-blasts and
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angioblasts as well (Britsell 8).
(Arey 2) macrophages, by phagocytosing tissue
debris and fibrin, play a definite part in the
destructive phase of wound healing.

Possibly the

neutrophiles are active also in removing the
smaller particles.
Following the destructive phase in the wound
reparative stimuli begin to show their influence
on the wound.

Many experimenters have re ported

on these stimuli and their effects.

Hammett

and Reimann (23) report on embryonic proteins
and split-products from certain proteins, and
that the varied effects of these compounds
depend on the presence or absence of certain
molecular groups .

Under normal conditions,

these substances are not contained in blood plasma .
Carrel (12) reports that growth-activating
polypeptides may be manufactured by the
leucocytic ferments from cell debris and coagulated
fibrin lying on the surfaces of the wound .

These

polypeptides, he states are characteristic of
embryonic tissue juices.

In addition Carrel (13)

reports a nutritional function of leucocytes in
wound healing.

"They act simultaneously as food

transformers andnurses.

The presence of many

i
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leucocytes on the granulating surface of a wound,
and the infiltration by them of the fibrin deposits
render plausible the hypothesis that they play the
part of a. formative stimulus.n
Loofbourow (42) used S. cereviciae, traumatizing
them with ultra-violet irradiation, to determine the
presence of growth stimulating factors.

They found

that damaged-cell products caused increased growth
of yeast when added to media well supplemented
with biotin, pantothenic acid, folic acid, thiamine,
riboflavin, nicotinic acid, pyridoxine, choline,
and amino-acid.

The addition of adenosine triphosphate

produced the same effect as addition of the damaged
cell products.

By further experimentation they

discovered that the addition of adenosine triphosphate,
muscle adenylic acid, and adenosine, but not yeast
adenylic acid or yeast nucleic acid, increased the
growth rate of yeast -in synthetic media, with or
without the addition of growth factor and aminoacid supplements.

They concluded, "It appears that

certain adenine nucleotides act as growth factors.
The metabolic effects of damaged-cell products
were reproduced by a combination of kno¥m growth
factors and adenosine triphosphate."
Whether these findings are significant for
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other living cells besides yeast cells or

not

will need further investigation.
Another point discussed by Carrel (15)
I

covers the causal relations existing between the
loss of a fragment of tissue and its regeneration.
He states that in superficial epithelial wounds,
the initiation of healing seems to be due, not
to leucocytic secretions but to substances set
free by the traumatized cells themselves.

A

slowly growing colony of a pure strain of cells
was traumatized by t wo oblique incisions and
a small segment taken out.

The whole colony

started to grow more actively, and healing took
place.

During the process, a drop of Tyrode

solution was placed on the little wound for
varying periods of time.

The testing of this

drop showed that the wound had manufactured
thrombokinase and also growth-promoting substances.
By further experiment t wo identical wounds
were made on the skin of dogs.

After a minute

cleansing of its surface, the experimental
wound was dressed with dead subcutaneous connective tissue.
gauze pads.

Both wounds were covered with

After more than three weeks, no

beginning of cicatrization was detected on the

9

experimental wound, while the control wound
had cicatrized in a normal manner.

Healing is

not initiated by the traumatism or the loss of
tissues, but by substances resulting directly
or indirectly from the traumatism.

The hypo-

thesis was further investigated in a study of the
effect of mild irritants, such as turpentine,
embryonic tissue pulp, and staphylococci, on the
dur ation of the la.tent period.

In every case,

cicatrization started in less than .t wo or three
days.

This indicated that the shortening oi

the latent period was not due to the irritant
itself, but to some product of the irritation
of the tissues, and possibly to the secretions
of the leucocytes, which are present in great
numbers in an irritated wound.

Obviously, the

traumatism determines directly or indirectly
the production by the tissues themselves of
the formative stimulus.
Burrows (10) states that the stimulus
for growth after injury is the destruction of
blood vessels and the inflammatory slowing of
the circulation.

He noted that in cultures of

embryonal cells, adequately supvlied with food
and oxygen, that these cells were unable to grow
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except when so crowded that some product of
their normal oxidation cannot escape.

The

stimulus, he thought, came from the accumulation
of normal oxygen products of• the cells.

The re-

action of growth in a wound is not one of purpose
for healing.

The am·o unt of cellular proliferation

is proportional only to the crowding of cells and
the stagnation of their environment.

The cells

not only grow but also migrate actively into the
areas having poor circulation.

It is this

tendency for cells to migrate and grow in areas
of reduced circulation or stagnant areas of the
open wound which leads to the closure and overgrowths of the wound.
The reparative phase of wound healing
naturally overlaps the destructive period.

Due

to secondary infections or other disturbances the
constructive phenomena may suffer relapses and
even be forced to give way temporarily to severe
destructive recurrences.
The cells involved in dermal wound healing
are those that occur normally in loose connective
tissue, together with some derivative types aroused
by

the inflammatory stimulation.

The following

summary of the cell types distinguishable in normal
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loose connective tissue follows the conclusions
of Maximow as quoted by Arey (2).
Some mesenchymal cells of the embryo remain
in their undifferentiated embryonic condition.
They are fixed, stellate cells and resemble the
fibroblasts, which are more specialized elements
derived chiefly from mesenchyme, but are always
smaller than the latter.

Ususally such undif-

ferentiated mesenchymal cells are distributed
along the walls of blood vessels; particularly
is this true of capillaries where they constitute
some of the so-called pericytes.

Unlike fibro-

blasts, which are an end-product, mesenchymal
cells are elements with unrealized developmental
potencies; under suitable stimulation they may
differentiate into new cell types.
Some of these migratory elements are identical with the lymphocytes and monocytes of the blood.
They may have emigrated from the blood stream or
they may be elements which originated in the
embryonal mesenchyme and have remained there.
Plasma cells (specially differentiated lymphocytes) are rare elements except in certain special
locations.

All the granular leucocytes are cells

of myeloid origin which sometimes leave the blood
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channels to appear in the loose connective tissue.
On the other hand, the mast cells are a specific
tissue-basophil which resemble but are not identical
with the basophils of the blood.

Certain large

cells are identical with the smaller macrophages
(polyblasts) of inflammation.
Maximow mentions some fixed macrophages
which he calls "histiocytes" or reticulo-endothelialJcells.

He states that they are normally

quiescent elements of mesenchymal origin which
possess distinctive morphological features.

In

addition, they are characterized functionally
by their pronounced ability to store electively
the particles of acid aniline dyes in colloidal
solution.
The next type of cell Maximow reports is the
fibroblast, which are elongated , flattened elements
usually situated alongside bundles of white fibers
which are generally, believed to have been elaborated under their influence.

They are held to be end

products of differentiation from mesenchyme and
are not capable of giving rise to any other cell
types, except perhaps to storage fat cells as the
result of direct transformation.
Arey (2) makes the correlation that in inflam-
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mation as ~n wound healing, certain alterations
of the normal pictur e occur, so that three cell
types then predominate:

1.

Neutrophiles, which

are imigrants from out . the vessels that degenerate
promptly after their role in the inflammatory
process is completed.

2.

Polyblasts, so-called

because of their diverse ap~earance and transformations; they are said to arise from lymphocytes, monocytes and fixed macrophages •

.Among

other potentialities they may revert to fixed
macrophages again, or transform into fibroblasts.
3.

Fibroblasts, which retain their character-

istics, divide mitotically, form part of the
granulation tissue and later are presumably concerned with the elaboration of the collagenous
fibers of the scar tissue.

Their fundamental

activities and relations were discussed by Carrel
and Ebeling (14).
In addition Arey (2) reports another active
tissue, namely endothelium which as the property
of proliferating new sprouts.

This ability is

especially characteristic of granulation tissue.
Enodthelium also can contribute to the later
fibroblasts of the repair period.
The potentialities of the fixed macrophages
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vary (Carrel and Ebeling 14).

With respect to

the inflammatory stimulation they transform into
wandering phagocytes (free macrophages) by way of
the intermediate polyblast stage, while the amoeboid
phagocytes so formed may in turn differentiate into
fibroblasts.
Under this same stimulus many lym~hocytes and
monocytes migrate out of the blood ves s els, increase
rapidly in size and transform into polyblasts.
With this background of cellular elements
involved a discussion of primary healing is in
order.

As reported by Britsell (8), Burrows (10),

Hertzler (31) and Arey (2), by the second day the
connective-tissue and endothelial cells are proliferating plentifully.

Young cells collect in

the wound wall, and after the third day new
vascular sprouts are present as well.

Extension

across the wound space and further filling-in
restores the broken continuities between blood
vessels and connective-tissue.

The resolution

of fibrin, the formation of connective-tissue
fibers and a decrease in the abundance of cells
and vessels produce a scar tissue whicn slowly
reduces to a paler, permanent condition only
quantitatively different from the surrounding
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uninjured tissues.

At the surface, beneath the new •

epithelium, typical connective-tis sue papilig e are
not restored.
The manner of origin of connective-tissue
fibers is a long standing controversy.

There are

two main schools of thought concerning the origin
of fibers and their relation to fibroblasts.
Schwann (1839), and Flemming (1891), reported by
Arey (2), were early investigators who believed
that the fibrils arose within the cytoplasm its elf.

Later, Meves (1910) assigned their origin

to mitochondria.
Br·f t sell (8), Hertzler (30),(31), Harrison
(24), and others, believe that collagenous fibers
of wounds, embryos and tissue cultures are the
direct result of coagulation processes in fluids.
Hertzler is convinced that the cell is not
primarily the active agent but the initial processes
are chemical and identical with those of blood
coagulation, the cell playing a secondary role.
Hertzler studied the healing of peritoneal wounds
since it is of endothelial origin and the initial
process of wound healing is instituted by the substance beneath the endothelial cells.

In a later ·

paper, Hertzler (31) stated that the fibrinous
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exudate in the wound is not reabsorbed but
agglutinated by fibrin fibrils which remain to
✓

form adult figrous tissue (chemical change) and
are not replaced by the products of fibroblasts-secondary healing.

The confusion, he believes,

lies in the fact that disagreeing investigators
work with infected material and this causes conditions unfavorable to formation of fibrillary
fibrin.

This condition causes granular fibrin

to fill in.
Britsell (8), believes that the clot or
fibrin net is transformed directly into new
fibrous tissue without intracellular action and
this being done before tissue cells wander into
the coagulation tissue.

The tissue cell~ later

move in and form separate connective tissue and
the cells assume the form of typical spindleshaped cells.
If the wound is open, in about six to eight
days, it is characterized by a "fill" of highly
vascular material (granulation tissue) which from
the surface has an uneven pebbly appearance.

This

1s because each wound "granule" has a vascular tree
as a core, growth of which raise s the enveloping
mantle of wandering cells and young fibroblasts into
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a hillock-like elevation.

The main vessels of the

tree are not differentiated into arterial and venous
types even though between the afferent and efferent
stems there is a network of broad capillaries.
Hartwell (27), has asserted that closely
apposed wounds of the human skin, like those of
swine, a·re not commonly characterized by granulation
tissue even in the presence of infection.

This

differance from the condition in leaner animals,
such as the dog, guinea pig and rabbit, he believes
is due to the presence in man· and swine of abundant
adipose tissue which encroaches on the wound area
and furnishes a substrate for the migrating, reparative cells.
Doctor C. W.M.' Poynter, working in the .Anatomical
Department of the University of Nebraska, made some
very interesting observations on wound healing in
the early chick e~bryo.

The healing process was so

rapid (a 2mm. fissure healing in 2 hours and 20 minutes)
that he could watch the process directly before his
eyes through a microscope.

He stated that the process

was through dedifferentiation, migration by amoeboid
movements and redifferentiation into epithelium.

In

other words, there was no multiplication of cells
but a movement of the iUrrounding cells into the area
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where they take on the character of the border cells.
On the surface the epithelium has been busy as
early as the first hour doing its share in the process
of wound healing.

The normal epithelium at the edge

of the wound send out many cells in tongue- l ike
processes which progress over the fibrinous substrate filling the gap until the hiatus is again
bridged.

A majority of the cells come from the

prickl~ cell layer of the epithelium (Hartwell 27).
A basal cell layer is formed under the epithelial
outgrowth by rounding up and alinement of the lower~
most cells of the membrane rather than by the outgrowth of cells from the old basal layer.

Thus, the

prickle cell layer is capable of becoming a basal
cell layer.
The time required naturally depends on the
size of the defect and on the kind of obstacles
encountered.

In tiny wounds of the epidermis of

fishes and amphibia _epithelial continuity may be
regained in as short a period as three hours
while corneal lesions of mammals may be healed in
six hours.

On the other hand, extensive defects

and granulating, ulcerous and infected wounds may
prove refractory and require months or years before healing is complete (Arey 3).
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The growth tendency of connective tissue is
restrained by the covering epithelium.

It is doubt-

ful whether the upper protoplasmic layer has this influence, since it grows in very quickly while the
proliferation of connective tissue is still strong.
Apparently it is the entrance of the Mal pighian cells

J

.

that ends the invastive proliferation· of connective
tissue (Arey 2 reporting Loeb, 1898).
force in this antagonism is not known.

The operative
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IN GENERAL
There were many surgeons like Mc Queeny (5i ) who
recognized the benefits on wound healing when special
attention to diet was given their patients.

However,

it was Doctor A. H. Clark (17) who, working in the
Pathological Laboratory of Johns Hopkins University
in 1918, performed the first good experim ental work
on the effect of diet on wound healing.

He died be-

fore he could put his work in print, but his wife,
Janet Howell Clark, gathered his material together
and published it.
He obtained his idea from Hooper and Wi pple (33)
that the r a te of blood regenera tion on a meat diet
is very r apid, a matter of days or a few weeks;
whereas, on a diet rich in carbohydrate it is very
slow, sometimes requiring months f or complete regeneration.

These results suggested to Clark that

possibly specific diets might influence the rate of
wound healing.
He experimented with dogs, guinea-pigs and cats.
When using dogs he used twelve of nearly the same
age, size and general condition as possible.

Three

dogs were put on a mixed diet, three on a carbohydrate diet, three on a Frotein di et, and three on
a fat diet.

The dogs were fed on these diets for

21

three days before the wounds were made.

Through-

out the experiments the dogs were weighed and the
weight was found to rema in practically constant.
The dogs were given ether anesthesia, their
backs were shaved and t wo circular skin flaps (one
large and one small) were removed from each side of
the back.

The wounds were pl ace4 where the dog

could not lick them and were left open.

As soon

a s they were made, .the size of the wounds was
traced on a piece of transparent celluloid with a
wax pencil and similar tracings were made at intervals of three or four days t hroughout the experiment.

These areas were copied on heavy tracing

paper and measured accurately in s quare centimeters.
If a wound showed marked infection, the results were
discarded.
A second set of wounds was made after the first
had healed and finally a third set in which the dogs
were interchanged in diets.
He divided the healing period into four p~rts:
1.

Quiescent period--no contraction and the main

characteristic is its varia ble length:
2.

1-5 days.

Period of granulous contraction--wound contracts

at a rate which is proportional to the size of the
wound.
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3.

Period of ~pidermization--epithelium begins to

form and the process of healing may now continue by
epidermization alone or by epidermization and contraction together.
4.

Cicatricial period--enlargement of the scar

after the wound is healed.
Clark found that the period of granulops contraction was not affected by diet but more b.Y the
age and by the original size of the wound.

The

period of epidermization was independent of the
size of the wound and the diet, but more dependent
on the age of the wound.

Contraction and epidermiza-

tion continued together · until the wound was entirely
healed.

After the wound was healed, the scar con-

tinued to contract until pigmentation set in.
During the latter proce s s it enlarges and reaches
a stationary state after pigmenta tion is complete.
The final conclusion was that the length of the
quiescent period of wound healing was definitely
aff ected by the diet.

It varied from zero in protein-

fed dogs to six days in the fat-fed animals.

As a

consequence, the date of final healing differs by
about five days for the protein and fat-fed dogs.
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Sauerbruch ( ~9) noticed that wounds secreted
less, and that the pr oteus and pyocyaneus bacilli
disappe ared from the sec r etion if the patients were
kept on a diet with a surplus of acid valences
(proteins, fat, and addition of phosphoric acid).
On an alkaline diet, the wounds were edematous,
pseudomembranes formed, and the germs--especially
the gram-positive--were thriving.

He believes that

a lowered alkali reserve in the blood is a condition requisite - for healing of suppurations, and
is not a sign of injury of the organism by the
purulent affection.
Zoltan

(71) found that treating ~ounds with

vitamins in 297 cases showed advantages.

Anoint-

ment containing both oleum jecoris aselli and
carotene (vitamin A) dissolved in oils and irradiated ergosterol was used.

Wounds generally

healed better, more quickly and almost without
any scars.
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VITAMIN A
Detailed studies made by vessy and Wolbach (5)
revealed that Vitamin A defeciency creates a starvation specific for epithelium.

The consequence is

atrophy, which progresses to a state wherein the
cells, although having the ap~earances of viability,
become inert in physiologic activities and in their
role of covering membranes.

The epithelial atrophy

is followed by proliferation of basal cells and
later a reilacement of keratinizing epithelium.
The reports of Steel (62), Hayashi (29), Iost

(35) and Davson (20) of the favorable tissue response to the application of cod liver oil to wounds
have led to much speculation as to the reason.
The Germcm experimenters Lohr and Bisceglie were
quoted by Davson (20) as reporting that Vitamin A
in the oil was responsible for the growth promoting
activity .

Their theory was not substantiated when

the concentration of Vitamin A was increased.

The

cod liver oil, undiluted, produced a marked stimulati on of phagocyed, fibroblasts, and young capillaries.

The cellular stimulation appears to be of

a nature to facilitate the process of wound healing.
Some light was tnrown on the nature of the responsible
substance by Pinkert (53) who found that the tissue
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responses to animal oils, such as cod liver oil,
lard oil, and milk fat, were similar and much more
intense than vegetable oils.

He made the higher

acid content of the anima~oils responsible.

Also

he believed there are enzymes in the tissues capable
of hydrolysing fats of animal origin but incapable
of dealing with fats of vegetable oils.
As for internal therapy, Sandor (58) stated
that it is highly improbable that, in the course
of normal nutrition, the administration of Vitamin A
by the mouth can exert a favorable influence upon

the healing of a wound, except in cases where there
is a Vitamin A deficiency.
With only subjective proof, Sandor mentions
two signs of Vitamin A deficiency:

first, impaired

function of the epithelial cells, which of course
allows infection to penetrate; and secondly, diminished resistance to infection.

He adds that in

any wound, the tissues may possibly be unable to
make proper use of Vitamin A, even if supplied in
sufficient quantities.

He cites several cases where

Vitamin A ointment was applied locally to the wound.
In comparing with control cases the wounds healed
remarkably well.
In considering Vitamin A in the treatment of
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wounds it must be remembered that Vitamin A deficiency is extremely rare.

Fesearch workers assert

that from the carotinoids available in the various
foods there are stored up in the liver and subcutaneous connective tissue such quantities of
Vitamin A that a deficiency of this vitamin can
only occur in diseases of the liver, protracted
intestinal catarrhs, or chronic diseases due to
infection.
In conclusion, as far as internal use of
Vitamin A, the evidence is ls.eking for proof of
any beneficial effect on wound healing unless

there is a definite Vitamin A deficiency.
Clinical evidence indicates that the external
use of Vitamin A preparations exerts a favorable
stimulation toward wound healing.
There is no conclusive evidence to show that
Vitamin A has definite anti-infective properties.
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VITAMIN D
Under the subject, VITAMIN A, a favorable tissue
response was reported by the ex ternal use of cod liver
oil.

Cod liver oil contains large amounts of both

Vitamin A and D.

The close association of these ·two

vitamins is shown by the work of Fuestow, Poncher and
Hammett (55) who, in controlled e~periments on pigs,
reported definite shortening in healing time where
Vitamin A and D ointment was used on purns.

Best

results were obtained when high concentrations of
either Vitamin A or D predominated in the ointment.
All the ointment used cont a ined some Vitamin D.
The role of 'vitamin D in the metA.bolisrn of
calcium (Harrow 25) would seem to justify giving
it an important place in the repair of bone injuries.
Considerable work has been done on the evalua tion of
Vitamin D in the healing of fractures (Loehr 41).
There has not been uniformly conclusive evidence,
however, · to pr ove that the administr a tion of
Vit amin 0 in large amounts to patients who are not
deficient in it will h as ten bone repair.
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VITP~1IN B COMPLEX
It hardly seems feasible that a deficiency in
Vitamin

B

healing.
sible •

could influence a direct effect on wound
However, an indirect effect is very pos-

.A

review of the sym1--toms will reveal why

this is true:
Subclinical def iciencies may bring about
sym~toms such as loss of appetite, weakness,
weight los s , heartburn, abdominal cramps, and
constipation or attacks of diarrhea .

More serious

gastro-intestinal manifestations of Vitamin

B

deficiency consists of glossitis, achlorhydria,
gastritis, and enteritis, frequently with ulc eration and especis.lly in association Vli th pellagra
(Puestow 55).
My conclusions are that, if a patient with
symptoma.tic evidence of Vi tarnin B deficiency be
allowed to remain in that state throughout a
convalescent period during which there is an attempt
being made at wound 'healing, the patient is v ery
likely to develop other nutritional deficiencies
which will exert a direct effect on the healing
of that patient's wound.

I justify this statement

by the functional disturbance of the body mechanism
for utilizing food.
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VITAMIN C
Many men like Hausel and Clerf (34) reported
cases of poor wound healing in scorbutic patients.
Wolbach and Howe (68) characterize the condition of
scorbutus as the inability of the supforting tissues
to produce and maintain intercellular substances.

They furnish direct proof of this conclusion by
studies of teeth in regard to dentine, in the study
of growth and repair of bone in regard to bone
matrix and in the study of repair of soft tissue
in regard to the collagen of connective tis s ues.
They state that there is a failure of capillary formation which can be expla ined reasonably
in the light of knowledge of other intercellular
substances as due to failure of endothelial cells
to form cement substance.
They advance the theory that the failure of
cells to produce intercellular subst ance in scorbutus is due to the absence of an agent common to
all supporting tissues which is responsible for
the set t ing or jelling of a liquid product.

Anti-

scorbutic substance is liberated in the destruction
of tis sues.

The osteoporosis produced in the ex-

periments suggests further the hypothesis that
this reaction is in some degree a reversible one.

30

Ham and Elliott (22) advance the theory that
failure to form intercellular substances is due to

an upsetting of the metabolism of .the formative
cell.

There is no conclusive evidence that either

of these theories are correct.
Lund (44) studied the effect of surgical
operations on the level of cevitamic acid in the
blood plasma.

Plasma cevitamic acid determinations

were made before and after operation on 43 patients
coming for major operation.

Blood specimens were

taken in the early morning and determination on the
plasma were made by a modification of the Farmer and
Abt

(21) method. Whenever possible two or more

determinations were made before operation and several
after operation.

In order to keep the study free

from the complicating factor of the effect of high
fever on the metabolism of the acid, all cases that
developed pheumonia or other infections were eliminated from the series.

None of the patients tab-

ulated were given cevitarnic acid treatments before
the last determination.

In nearly every case there

was a prompt fall after operation from. the original
level.

In a few cases the level began to rise again

after four 6r five days.

Lund concluded that a low plasma Vitamin C value
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in blood drawn from

a

patient in the period

immediately after operation may not be so significant an indication of depleted reserves as is a
low value before operation.
Lund's findings:

(before operation)

Normal--at least 0.8 mg. per 100cc. of plasma:
9

cases.

Low "---0.5 to 0.8 mg. per 100cc. of plasma:
10 cases
Low---- 0.2 to 0~5 mg. per 100cc of plasma:
11 cases (will develop chronic ·scurv~
if mainte.ined at this low level).
Very low--below 0.2 mg. per 100cc. of plasma:
13 cases (Some or all patients would
develop active scurvy in a few weeks ,
if the blood remained below this low
level).
Hartzell, Winfield and Irvin (28) reported on
a series of 1,458 cases of wound disruption in which
they studied the Vitamin C and ~lasma ~rotein levels
in the blood.

They concluded that many patients

operated on in subscurvy states had norm al wound
healing, but the relationship of low Vitamin C to
poor wound healing cannot be overlooked.
Lund and Crandon (45) experimenting with human
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subjects showed that there were many occasions when
large doses of Vitamin C were indicated in the treatment of non-he aling wounds.
They reported that in 58 patients ha ving operations on the biliary tract the incidence of
postoperative hernia wa s greatest in pa tients
having low values of plasma Vit amin C.
Bartlett and his associates (4) found in
guinea pigs that the strength of the scar was proportional to its Vitamin C content.

FLr example,

the s cars of animals receiving 33 mg. of Vitamin C
twice

daily had an e,verage of 7. 64 mg. of Vi ta.min C

per l OOg. of tissue and burst a t a pressure of
258 mm. of mercury.

In guinea pigs on a scorbutic

diet, the Vitamin C content of the scars averaged
0.31 mg. per 100 g. of tissue and they burst at
127 mm. of mercury.
Bourne (7) put 15 guinea pi gs on a scorbutic
diet for a week but injected varying amounts of
Vitamin C subcutaneously.

He then made a complete

incision through the skin over the femur and allowed
the wound to heal a week maintaining the anim als
on their original diet and supplemented Vitamin

c.

He then tested the tensile strength of e ach wound
by me a suring the maximum weight ea ch excised sc ar
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could support.

His results were:

Doses of Vitamin C Injected
Subcutaneously (mg.) ·

2 .• 1 .. 0.5 .. 0.25 •. 0

Av • .in G. a t which scar broke 283 •• 162 .. 154..

60 .• 46

Holman (32) reports Hojer as being the original
observer of ascorbic acid's role in the synthesis
and maintenance of the intercellular supporting
materials, which provide the framework of.healing.
These facts. forme d the basis of import ant investigations by Lanman and Ingalls (40) later
by Taffel and Harvey (63).

confirmed

They studied the healing

of wounds in guinea pigs partially depleted of their
Vitamin C depot, and subsequently main tained at a
low level of ascorbic acid sup~ly.

They considered

the nutritional state of these animals to be analagous
to asmptomatic scurvy, and therefore probably
analagous to 13 pericent of our clinic patients.
wound healing in these partially scorbutic animals
showed inferior tensile strength, a disposition of
the wounds to gape before rupturing, a livid appear ance and a soft con s istency of the granulation
tissue.

As a result, the abdomina l wounds of this

scorbutic group ruptured at a pressure averaging
about one-third of that required to rupture the
wounds of normal animals.

Gross examin a tion of the
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ruptured wounds in the deficient animals showed
changes strikingly resembling those found in noninfectious wound disruption in humans.

Microscopic-

ally there was evidence of fibro~blastic proliferation but marked decrease in intracellular material
and a disorganized arrangement of the fibrob~asts.
There was also a consistent failure of the cerium
to unite in the deficient group.
Wolfer and J:£e bel , (70) by detailed histories
of patients entering ~assavant Memorial Hospital
produced strong clinical evidence that there is a
definite relationship between Vitamin C deficiency
and non-union of wounds in humans.
By way of summary:
1.

Scorbutic patients are unable to produce and

maintain intercellular substances of their sup1-•orting tissues.
2.

Surgical procedures result in a fall in Vitamin· C

plasma concentration.

This fall immediately after

operation may not be so significant an indication
of · ctepleted reserves as is a low value before operation.
3.

A very high per cent of surgical ~atients have

low Vitamin C plasma levels before operRtion.
4.

There is a direct relationship of low Vitamin C
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and poor wound healing.
5.

Healing wour.ds of scorbutic animals have

inferior tensil strength.
6.

In cases of wound disruption a high per cent

have low Vitamin C plasma levels.
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VITAMIN K
Vitamin K deficiency produces a hemorrhagic
tendency and was found to be due to a lowered level
of prothrornbin in the blood.

Vitamin K was round

to be necessary for the synthesis of prothrombin
(Snell, Butt, Osterberg 60), (McCay 50). Thus a·
'1
deficiency in this vitamin increases the clotting
of blood.

In a wound this condition would allow

excess bleeding and subsequent oozing of blood in
the traumatized tissue.

This blood acts as a

foreign body and delays healing.

It separates the

tissues increasing the burden of the living cell to
close the wound.

The blood acts as an excell.e nt

media for the growth of infect~ous organisms, and
by increasing the tension, it shuts off the blood
"

supply to the surrounding v.iable tissue (Cole and
Elman 19), (Christopher 16).
Therefore, Vitamin K defici~ncy, _by increasing
clotting time, may very easily result in poor
wound healing.
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PROTEINS
Harvey and Howes (26) studied the effect of high
protein diet on wound healing.

They used albino rats

and by experimentation found that their stomach

prov-

ed very satisfactory as an organ that could be tested
for tensil strength, since wounds in the stomach wall
healed with uniformity.

The animal was killed with

ether, the esophagus tied and the stomach removed, it
being kept moist with physiologic saline during all
manipulations.

A cannula was inserted through the

pylorus and this connected to a pressure line to
which was attached a mercury manometer carrying a
writing point against~ revolving drum.

Air was ad-

mitted at a constant and uniform rate in all experiments, as checked by the rapidity of rise of the mercury.

Calibration of the graph against the manometer

enabled one to read off the pressure at the time of
rupture of the stomach or wound in terms of the height
of the column of mercury.

The authors state that by

this particular technic a relative change in the
strength of the stomach wall or of the wound can
easily be determined adequately.
The control group of rats were placed on a standard diet containing all food essentials with protein
making up 13.8%, carbohydrate 39.2% and fat 47.0%.
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The other group were placed -on a high protein diet
with protein making up 68.7% and fat 31.8%, and also
containing the same food essentials as vitamins and
mine rals.

'!'he animals and their food intake were

weig hed every three days.

They were fasted for six

hours pre-operatively but were put back on food immediately after the operation; and many of them
started to eat as seon as they had recovered from
the anesthetic.

Six animals were sacrificed at

daily intervals from one to t he fourteenth day and
their stomachs inflated arid the breaking point determined as previously described.

l f disease else-

where or infection of t he wound was found, the
animal was discarded.
These authors found tha t the l atent period preceding the initiation of gr owth in the healing
wound in t he stomach of t he rat is not affected by
_a high protein diet •

.nowever, once growth has

started, the Telocity of it is distinctly increased
by a hi gh protein diet.

As a result of this, the

maximum strength of the healing wound is reached
some two days earlier than is the case on the standard diet.
Korfmacher (37) studied the plasma protein levels
in surgical patients and concluded that, ''Plasma
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Proteins play a signit"icant part in the outcome of
surgical procedures because they are important in the
repair processes and in the maintenance of osmotic
pressure of the blood."
Ravdin, et al., (57) noticed that the period of
delay in fibroblastic proliferation of healing wounds
was greatly increased in the presence of a protein
deficiency.
Arey (2) lists edema as one of the retarding
factors of wound healing.

It separates the tissues

making it difficult or impossible for the reparative
cells to close the gap.

By increasing the tension

in the tissues, the blood supply is impared, and if,
there are non-elastic sutures holding the wound edges
together, thus allowing the tension to increase even
more, the venous blood and lymph may be stopped com-

pletely.

This adds to the edema, lowers the nutri-

tional supply to the surrounding living cells, and
gangrene may es.lily result.
Hartzell, et al., t28) observed that when cultures
of living cells are surrounded by fluid of low viscosity, the cell mobility is retarded.

The fluid of

edematous tissue is of a low viscosi t y, Starling {61).
Jones and ~aton {36) made close observations on
thirty-four patients with post-operative nutritional
edema.

Their recorded data indicated that nutritional
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edema may readily occur as a complication of many
surgical conditions.

ihe majority of patients ob-

served were undernourished prior to operation because
of malignancy, pyloric obstruction and similar conditions.

Actual vomiting as well as loss of appetite

contributed to such a si~uation.

Following a surg-

ical proceaure, in every instance, the process of
undernurition was continued for several days by the
very nature of the operation.

in addition, the sit-

uation was further aggravated by the administration
of relatively large amounts or r .i.uids anu sa.l t.
The following explanation is offered for this
fact.

When the blood sodium choloride is increased,

by whatever route, as:

ingestion of large amounts

of sodium chloride, absorption from hypodermoclysis,
intraverous administration, etc., I-he blood water is
first increased.

Later the water and salt is poured

into the tissues and the composition of the blood
returns to normal.

lf more salt is administered,

plus more water, tn~ tissue fluid Will continue to
lncrease.

It is then- seen, that even in health ,;he

balance between intra- and extra-capillary fluid can
oe upset and edema be produced.

Normally, fluia is

forced out of the c~pillary near the arterial end
where tne blood pressure overbalances the colloid
osmotic pr~ssure.

At the venous end, where the blood
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pressure no longer exceeds the pressure of tne tissue
fluid and the osmotic pressure of the plasma proteins,
water is taken up.

'1'he fluid accumulated in the

tissues, as a result of t n e deposition of chloride,
therefore, soon undergoes re-absorption.

when,

however, the concentration of plasma. protein is low,
re-aosorption become s more difficult.

The water,

which has migrated from the vessels to dilute the
tissue fluids to isotonicity, is not readily removed-.
veficit in the plasma protein is, therefore, the
primary cause of t he edema while salt retention in
the tissues is a contributory factor.

Salt, like

wate.£' itself, plays a passive role simp.L.y enabling
more isotonic tissue fluid to be formed i.e., providing one of the essential constituents of r, ne
edema fluid \Best and Taylor 6, Krogh, et al. ( 39).
The average daily intake or sodium chlorlde
for a normal person does not exceed from

v

to 6

um.

It is not uncommon for a post-operative patient to
receive daily 2,000 to 3,000 cc. oi vhysiological
saline intravenously, which is O. 9,. . s ~dium chloride.
This forces 18 to 27 Gms. of salt into the blood
stream.

Jones and Eaton (36) noted in their patients

reported that the average amount of serum protein
(normal being a bout 0.6 Gm.) at t he time of the
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d,evelopment of edema was 5.2 gm. per hundred
cubic centimeters, which is well below the
critical level for the development of edema.
The range was between 3 .7 and 5.8 gm. in these
cases during the period of edema.

The lowering

of the serum protein was first due to malnutrition,
and second to subs equent dilution of the plasma by
excessive amounts of fluid.

Theyconcluded that the

reduction in the intake of protein is probably the
most important element in their pathogenesis; however,
additional factors may include:

administration of

.

excessive amounts of fluid and salt after operation,

especially by the intravenous route, profuse surgical
drainage, the general: effects of sepsis, loss.. of serum
protein by massive hemorrhage and a retention of base
due to temporary disturbonce of renal function.
In conjunction with the administration of fluids
our answer may be plasma.

It conta ins a. normal amount

of proteins and in the proper ratio, thus it would
not have a diluting effect on the protein concentration.
.About the same time Jones and Eaton were making
their clinical observations, We ech, Snelling, and
Goettsch (67) were recording experimental evidence
on nutritional edema in dogs.

Fundamentally their

technique was the same as used by Thompson, Havdin,
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and FJank (42) to produce hypoproteinemia.

Their

datlf was complete on serum protein concentrations.
They produced edema in dogs either by repeated
plasmapheresis or maintenance on a diet deficient
in protein.
Weech, Goettsch and . Reeves (66) later studied the
effect of serum transfusions on the plasma protein in
dogs with nutritional edema.

They could cause an

immediate rise in the concentration of plasma proteins,
however, the quantity would tend to decline gradually
during the subsequent days in the direction of the
values present before transfusion.

They could not

produce significant alterations in the edematous
state by the transfusions.
Thompson, Ravdin and Frank (64) studied experimentally, the effect of hypoproteinemia on wound
disruption in dogs.

They controlled every factor

possible except hypoproteinemia; and when the serum
proteins were reduced to the level desired, the
animal was prepared and anesthetized with ether
anesthesia.

An incision about 8 cm. long was made

in each rectus muscle.

The peritoneal cavity was .

always opened and care was exercised that the incisions
were of the same length and were made in exactly similar
portions of the abdominal wall.

Cat gut was used to
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to close subcutaneous tissue.
wa s sutured with silk.

The skin of each animal

An exacting aseptic technic

was employed and sterile dressings and a binder were
used to protect the wounds .

After operation the serum

proteins were maintained at a low level, and biopsy
specimens were taken from the wound on the seventh and
fourteenth post-operative day.

The animals in which

gross infection occurred were excluded from the study.
In 72% of the hypoproteinemic dogs, the wounds failed
to heal while they were kept in that state.

Micro-

scopic studies on half of these, showed that there
was no apparent attempt at union of the wounds.

The

surfaces of the wounds were merely loosely approximated
by

the sutures and the serous material was interposed,

keeping the surfaces bathed in a solvent which prevented
even the sticky adherence found in controlled wounds.
They believed the failure of the wound to heal was
associated with the hypoproteinemic state.
They made the interesting observation that the tensil
strength of the cat gut sutures was lost more rapidly
in tissue of the pypoproteinemic dogs than otherw i se.
These authors in a follow-up article (65) gave
lyophilized serum intravenously to hypoproteinemic
dogs to raise the serum protein content of the blood.
They suggested that nretardation in healing of wounds
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associated with hypoproteinernia in dogs may be
averted by restoration of the serum protein to normal
levels immediately after operation."

However, the

absence of data on the actual concentration of serum
protein and its fractions in their experimental
animals makes it difficult to evaluate their results
or to attempt to apply them to human beings.

It is

also worth noting that their observations were made
on dogs suffering not merely from hypoproteinernia.
There is, indeed, little evidence that pypoproteinemia
was the only metabolic disorder in their animals,
miaintained as they were on a restricted diet and
. subjected to repeated plasmapheresis.
Koster and Shapiro (38) studied the concentrations
of total protein, albumin -and globulin, the albuminglobulin ratio~and the calculated protein oncotic
pressure of the serum of 58 petients in the postoperative state whose wounds were carefully observed.
They state, "In our studies the values for the total
proteins and fractions in the cases of patients with
clean abdominal and hernial wounds are similar to
the values reported in the literature for normal
human beings.

On the other hand, the average values

for total protein, albumin and oncotiG pressure in
the cases of patients with deep infection and disruption were slightly but definitely lower than
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normal.

The value . for globulin remained unchanged.

Whatever hypoproteinemia was present was therefore
actually hypoalbuminemia.n
Among their patients with wound disruption, the
highest value for serum albumin was 3.74 gm p-e r hundred
cubic centimeters.

All 8 patients with disrupted

wounds and 10 of the 13 patients with deep wound infections had serum albumin concentrations of less than
3.75 gm. per hundred cubic centimeters, whereas only
5 of the 23 patients with clean abdominal wounds and
3 of the 17 patients with clean hernioplasty wounds
and concentrations below this level.

In other words,

86 percent of the patients with com~licated wounds
had serum albwnin concentrations below 3.75 gm. per
-hundred cubic centimeters, whereas only 20 per cent
of the patients with clean wounds had such low concentrations.
It can be concluded that the occurrence of normal
concentrations of serum protein and albumin in some
of their patients with infected or disrupted wounds
and rela tively low concentrations ·in some with clean
wounds shows that hypoproteinemia by itself is neither
a necessary nor a sufficient condition fer the development of wound infection or disruption.

However, the

similarity in the concentrations of total serum protein
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and serum albumin and in the serum protein oncotic
pressures in the groups with deep infection and
wound disruption , suggests the idea that the poor
nutritional state of which hypoproteinemia is a
manifestation may favor both the development of
deep infection and the disruption of clean wounds .
Abraham and Wilensky (1) approached hypoproteinemia from the clinical side.

In reviewing the causes

of hypoproteinemia they said that. the most general
and important cause was interference with adequate
nutritional intake, that is, where the supply of
protein building material is inadequate.

Clinical

evidence proved that in cases of abdominal surgery,
which resulted in a decreased intestinal absorption,
a drop in plasma protein was the rule.

'l'hey _concluded

that any condition where there is a decreased intestinal
absorption, a plasma protein drop ~ould result.
Koster and Sharpie (38) believe that it is hard
to cause a drop in plasma protein if the mechanism
that produces plasma proteins is in good working order.
The liver is held responsible for this job (Harrow 25).
Abraham and Wilensky (1) mention a toxic type of hypoproteinemia where there is an inability of the liver
to build plasma protein.

They say that surgery puts

a strain on the iiver and the factors involved are:
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anesthesia; a major surgical proceedure with
operative manipulation of deeply situated visera
and tissue; shock; fever; vomiting; presence of injured tissue, infection, and toxic products; a
brief period of starvation and other abnormalities .
They include factors involving the loss of plasma
proteins as:

diarrhea, albuminuria, hemorrhage,

pleural effusion, ascites, peritonitis, burns, and
large traumatic areas.
Abraham and Wilensky (1) sU1Dmarize the effect
of hypoprtoeinemia on the healing of wounds as
follows:

"Clinically it is observed that hy:poprotein-

emia is accompanied by diff-i cul ty in· the healing of
any coexisting operative wounds, owing to deficienty
of fibroblast formation.

Healing is slow, the tensile

strength of the resultant scar is low and the tendency
toward disruption of the wound is greater in this
group than in patients with hyperproteinemia.

The

deleterious influence of hypoproteinemia seems to be
lim:1,.ted to the proliferation of the fibroblasts ."
The healing problem of bed sores has always been
a headache to the surgeon~ . Mulholland, Tui, Wright,
Vinci, and Shafiroff (52) became interested enough
in the question as to whe ther ~r not malnutrition
contributed to the development of bed sores, that. _
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they did some experimental work on it.

Their interest

in this condition was aroused by a case of extensive
third deg ree burns who was losing so much protein for
the burned areas that ~uring the second week of stay
in the hospital, in spite of repeated plasma and blood
transfusions, his total plasma proteins wer e 5.4 gm.
per cent.

At this point he developed a bed sore

over the sacrum.

This occurrence suggested a possible

relationship between hypoproteinemia and the development of bed sores.
The authors then chose at random, 35 bed sore
•

,I'

cases and did total plasma protein determinations on
them.

All of the patients had poor nutritional states

and none of the 35 had a plasma protein concentration
over 6. 35 gm. per cent and 29 were below 6.0 gm. fer cent.
They analyzed the severity of the sores against the
level of plasma proteins and found that the extent and
depth of the ulcers as well as the multiplicity seemed to be related to the level of plasma proteins.
Two of these patients were placed on a high protein
diet.

The healing of their ulcers and the improvement

in their general condition were so prompt and definite
that it was decided to undertake a controlled study of
the nitrogen balance of ano_ther series of patients
with bed sores •
Eight patients were selected.

Two of the eight

were placed for the first six days on a high caloric
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but low nitrogen diet.

The ulcers of these patients

failed to show healing within six days and were then
placed on a high protein diet.

Healing became per-

sceptible by the fourth day following this diet.

This

showed that it was not a high caloric intake which
iniated the healing.
The high protein diet consisted of an amino-acid
dextrose mixture of homogenous com~osition dissolved
in 500 cc. of physiologic saline and enough water to
make the mixture easy to administer.

All patients

were given large amounts of vitamins.
The other six patients were given a control
period of three days during which time the usual
ward diets were given.

They all showed a negative

nitrogen balance, a slight loss ot weight, and
lack of improvement of the ulcer.

After the third

day, the amino-acid carbohydrate diet was administered.
The nitrogen balance immdeiately became positive,
definite healing was noticed in all cases by the
fourth day following this diet, and the ulcer
continued to heal normally thereafter.
The use of' a mixture which contained no fat
indicated that fatty acids are not essential in the
healing of these sores.

The vitamin therapy to which

these patients were subjected through their hospital
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stay, prior even to the development of bed sores,
indicated that, in the presence of hypoproteinemia,
vitamins do not prevent the development of bed sores.
The authors advance the theory that the factors
of pressure in the production of dicubitus ulcers
becomes even a gr eater factor in the presence of
hypoproteinemia because of impaired tis Gue vitality
as a result of protein deficiency.
Clements

(18), an Australian doctor, made the

interesting observation that natives in the New Guinea
region who ate a well balanced diet, righ in protein
and vitamins, are relatively immune to tropical
ulcers, while other natives, who subsist on less
well balanced diets, in which the ratio of carbohydrate
to protein is high and the supply of vitamins poor,
are susceptible.

A complete absence of tropical ulcers

was noted in fishing villages, where the diet contained
60 to 70 per cent protein.

Tropical ulcer or oriental boil is caused by
Leishmania tropica.

Clement's findings demonstrate

the ability of a person on a high protein diet to
resist infection.

The role of vitamins cannot be

withheld from this conclusion and is an additional
factor in measuring the importance of a well balanced
diet.
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· Of gre at interest, but still in the developmental
stage, is the use of hydrolyzed ca sein, as mentioned
by Lund and Crandon (46), for the correction of
protein deficiency.
be

Protein balance apparently can

maintained for weeks by the intravenous administration

of only amino acids and other s~lit products of
protein derived from casein.

This seems to me a very

important development and will no doubt be of great
, value in influencing good wound healing .
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CARBOHYDRA'TES

In 1916 McQueeny (51) re~orted eighty laiarotomy
cases, thirty four with and forty-six without siecial
attention to diet .

The only dif ference between the

test cases and the controls was in the administration
of an excess of carbohydrates uefore a.nu after operation.

Of the 34 test cases, 7 gall-bladder cases wer e

drained, 26 had primary union, one bad serum under the
skin, which absorbed without sup~uration.

There were

no disagreeable s~ptoms, as nervous excitability, or
gas dis tention and no considerable degree of nausea or
vomiting.
Of the 46 control cases of similar nature, 6 gallbladder cases were drai ned , 3 healed by 1,ri mary union,
6 had serous exudate which absorbed without supi,uration,
3 became ir:f ected. •Therefore 7. 5% became inf-ected
which were primarily clean.
resistance was below normal.

In other worCLs, t heir
FuLi..y 75% had gas disten-

tion, and equal number we re anxious and excited, 85%
vomited or were considerably nauseated which a r e definite factors in wound disruption .
It was the practice of the surgeons at tha t time
to starve the i,atient a day before aua a few days after
operation.

'IJl!i thin about 24 huurs after car oohyd.1.,ate

ingestion has ceased, the reserve stored in the liver
as glycogen is a.ei,leted (Best ar.d. Taylor 6).

Ther efore,

during these days after oieration, the ~atients live
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on their own body proteir

an d

f a t.

This reduces the

serum 1,rotein (Koster a.rd Sha~iro 38), and in the
process of fat metabolism without the presence of
carbohydr ates a mild state of acidosis is brought
about (Harrow 25) , neither of which is condusive to

normal wound healing (Koster and Shapiro 38).
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FAT
Malholland , et al., (52) demonstrated t ha t a
diet containiLg fat was not necessary for t he healing
of bed sores.
The role of iat is summari~ed in Ravdin's statement, nnurir:g undernutrition, tissue protei n is i,rotected in part as long as caroohydrate and fat are
available f or energy re q_uirements.n
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CONCLUSIVE STATEMENT
I realize there are cases of poor wound healing
in which the doctor has tried to remedy every possible
factor.

It would be very rash to state that the items

I have included in the nutritional factor are the only
nutritional deficiencies that affect the healing of
wounds.

Th ey are, however, the only ones on which

important specific studies have been ~ublished.

In

patients with slowly healing wounds I would recommend
that efforts be directed toward correcting any possible
deficiency on the principle that some factor as yet
unknown may be playing a part in the delay of healing.
Even if a specific deficiency is ascertained and
treated, it is well to consider that some other
deficiency may coexist.

Therefore, in these cases,

therapy which will restore the patient to a state of
optimum nutrition is indicated.

In prescribing

therapy, the physician should make certain that the
patient is giv n sufficient amounts of the

7

es s ential nut'1ents not only for his normal re quir ements
but for any possible increase in his needs.
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